Abstract: The evaluation of textile detergency was carried out using artifi cially soiled multifi ber adjacent fabric (MFF) composed of six different warp regions. The MFF soiled with model water-soluble, oily or particulate contaminant was cleaned in water, water/ethanol (1/1 in volume ratio), ethanol and n-decane with the stirring as a mechanical action. The detergency of the each fi ber region was determined from the change in surface refl ectance of the corresponding region due to cleaning. The soil removal was strongly dependent on contaminant, fi ber and liquid species, indicating that the detergency was dominated by the dissolution of the contaminant into the washing liquid and the affi nity between the contaminant and the fiber surface. The addition of alkali and surfactant to water or the solubilization of water into n-decane considerably increased the soil removal. The experimental results were not in contradiction with common and well-known knowledge about textile washing. Therefore, the artifi cially soiled MFF can be utilized for the detergency evaluation for textiles.
INTRODUCTION
The textile washing, which is essential for the pursuit of healthy and comfortable clothing life, has been gradually progressed for environmental reasons in the last decades. In Japan, diversification of apparel products 1 , multifunctionalization of detergent formulation 2-5 and rapid spread of the washer dryer have changed domestic textile laundering. In a commercial cleaning, the dry cleaning accidents as well as the environmental impact and the biological toxicity of the solvents 6 have been serious problems. Therefore, the commercial wet cleaning has been developed 7 . The development of eco-friendly and high energy efficiency detergent systems is an important social issue [8] [9] [10] [11] . For the purpose, the exact evaluation of detergency is necessary and hence well-defi ned model systems have been proposed to clarify the detergency mechanism [12] [13] [14] [15] [16] [17] [18] [19] . However, conventional evaluating methods with artifi cially soiled fabrics are needed because the fabric has complicated geometrical structure [20] [21] [22] [23] [24] [25] [26] [27] [28] .
In the previous papers 29, 30 , the textile detergency was evaluated using artifi cially soiled fabrics in various washing liquids and was discussed in terms of the dielectric constant of the liquid. Here, in order to evaluate the soil removal from different kinds of fi bers in the same bath, the multifiber adjacent fabric composed of some different warp, which is commonly used as dyeing testing facility, was utilized to prepare artifi cially soiled clothes. The detergency of model water-soluble, oily and particulate contaminants in aqueous and non-aqueous solutions was determined by the surface refl ectance method, paying attention to the effects of the difference in the deposited amount of soil among the fi bers and the redeposition of soil detached from one fi ber onto the other fi bers. In order to verify the availability of the MFF as substrates for detergency evaluation, the effects of washing liquid composition on the soil removal from different fi bers were discussed in comparison with common and well-known knowledge of textile washing.
EXPERIMENTAL

Materials
The miltifiber adjacent fabric MFF#41, 100 mm in width was purchased from Testfabrics Inc., USA. The warp composed of filament triacetate, bleached cotton, spun polyamide Nylon 6, 6 , spun polyester Dacron 54 , spun polyacrylic Orlon 75 or spun viscose was adjacently arranged with 15 mm in width. As the weft, fi lament polyester was used. The MFF was cut into swatches of 50 mm in length .
Acid Violet 6B CI 42640, Wako Pure Chemical Industries, Ltd., Japan , Oleic acid and Sudan CI 26100, Wako Pure Chemical Industries, Ltd., Japan mixture and carbon black SEAST SP, Tokai Carbon Co. Ltd., Japan were used as model water-soluble, oily and particulate contaminants, respectively.
The liquids having different polarity, water, ethanol and n-decane, were used as washing media. Sodium dodecyl sulfate, SDS, and Aerosol OT Wako Pure Chemical Industries, Ltd., Japan were used as surfactants. Other chemicals were extrapure grade and were used without further purification. The water was purified resistivity of 18 M cm using a MiIlipore, direct-Q UV apparatus USA .
Preparation of artifi cially soiled fabric
Three kinds of soil baths were prepared prior to the soiling of the MFF 30 . Acid Violet 6B of 0.1 g was dissolved in A piece of MFF swatch 1.34 g was immersed in each soil bath and was soiled with Acid Violet 6B with stirring at 100 rpm and carbon black or oleic acid/Sudan with applying ultrasonic waves 35 Hz at 20 2 . Total 10-15 pieces of MFF swatch were soiled in the same bath. After 5 min soiling, the MFF was dried and then stored in a refrigerator for 7 days. The surface refl ectance of the each fi ber region of the soiled MFF was measured using a spectrophotometer NF333, NIPPONN DENSHOKU, Japan . The both sides of a swatch were read in two different spots and the average of total four spots was obtained. The wavelengths used were 560 nm, 500 nm and 460 nm for the MFF soiled with Acid Violet 6B, oleic acid/Sudan and carbon black, respectively.
The photographs of the soiled MFF are given in Fig. 1 , with Kubelca-Munk function, K/S, calculated from the surface refl ectance 26 . For any contaminant, the K/S value as a measure of deposited amount of the model soil was different among the fi ber species. As far as the experimental results in the present study were concerned, it seemed likely that the K/S value before the washing had little effect on detergency.
Detergency experiments
In the washing test, a piece of soiled MFF was cleaned in 0.2 dm 3 washing liquid by stirring at 600 rpm with a disktype magnetic stirrer 30 mm 12 mm . In addition to three pure liquids water, ethanol and n-decane , water/ ethanol mixture 1/1 in volume ratio , water containing 2 mmol/dm 3 sodium hydroxide and 8 mmol/dm 3 SDS, and n-decane containing 0.5 water solubilized by 0.8 Aerosol OT 31 were used as washing liquids. The washing time and temperature were 20 min and 25 1 , respectively. After the washing, the MFF was dried in air without rinsing because the ratio of washing bath to cloth was suffi ciently large ca.140 . The surface refl ectance of the washed MFF was measured as mentioned in section 2.2. The detergency was calculated using the following Kubelca-Munk equation 26, 32 .
Where R S , R W and R O are the surface refl ectance of the soiled, the washed and the original fi ber region of the MFF, respectively.
The soil redepositon in the washing liquid was evaluated using the original MFF, which was cleaned together with the MFF soiled with carbon black under the same washing condition as mentioned above. The SR in the following equation was used as a parameter of soil redeposition.
Where R OW are the surface refl ectance of the original fiber region of the MFF after the washing.
RESULTS AND DISCUSSION
Detergency of artificially soiled MFF in various
washing liquids The detergency of the MFF soiled with Acid Violet 6B is shown in Fig. 2 . As is expected, the water-soluble contaminant can be removed easily in water and water/ethanol mixture. The detergency decreased in ethanol, especially for cellulose fi bers, cotton and viscose. In non-polar n-decane, little water-soluble contaminant was removed and the detergency showed negative value for polyamide. Figure 3 presents the detergency of the MFF soiled with oleic acid/Sudan . In water, the oily contaminant was not suffi ciently removed and the detergency was negative for hydrophobic triacetate and polyester. By the addition of ethanol to water, the oil removal was enhanced and the detergency attained 50-60 for hydrophilic cellulose fi bers, cotton and viscose. It was clear that the oily contaminant was removed perfectly in both ethanol and n-decane.
In the case of insoluble carbon black Fig. 4 , the deter- Fig. 4 The Detergency of the MFF Soiled with Carbon Black in Water, Water/Ethanol, Ethanol and n-Decane. Fig. 3 The Detergency of the MFF Soiled with Oleic Acid/Sudan in Water, Water/Ethanol, Ethanol and n-Decane. Fig. 2 The Detergency of the MFF Soiled with Acid Violet 6B in Water, Water/Ethanol, Ethanol and n-Decane. gency was extremely small in any liquid. In water and water/ethanol mixture, the detergency was obtained to be below 20 for most fi bers and a negative value for viscose. In ethanol and n-decane, the detergency was small positive and negative value, respectively The experimental results in Figs. 2-4 showed that the removal of contaminants from textiles was dominated mainly by the dissolution of contaminants into the washing medium. In addition, the affi nity between the contaminant and the fi ber surface had a signifi cant effect on the textile detergency.
3.2 Effect of additive on detergency in water and n-decane Figure 5 shows the detergency of the artifi cially soiled MFF in water containing 2 mmol/dm 3 sodium hydroxide and 8 mmol/dm 3 SDS and in n-decane containing 0.5 water solubilized by 0.8 Aerosol OT. By adding alkali and/or surfactant to water, the detergency was found to increase considerably compared with that in pure water see Figs. 2-4 . However, the removal of oleic acid/Sudan from hydrophobic triacetate and polyester was still lower compared with other fibers. The detergency of carbon black was not so large and the negative detergency was obtained for viscose.
The solubilization of water in n-decane promoted the removal of water-soluble Acid Violet 6B for semi-synthetic and synthetic fi bers. However, for cellulose fi bers such as cotton and viscose, only slight increase in detergency was observed. This suggests that the removal of sweat from summer cotton garments is not suffi cient in the commercial dry cleaning with hydrocarbon. Furthermore, in n-decane with solubilized water, the detergency of the particulate soil showed a negative value for all fi bers.
Negative detergency in Figs. 2-5, which was frequently observed for carbon black, may be caused by soil redeposition. However, the redeposition of carbon black onto the original MFF was not visually observed. The SR value of its each fi ber region was within 0.03, which was not associated with the negative value of detergency. The damage of the MFF fabric during the washing test may affect the detergency via the surface reflectance. Therefore, ultrasonic washing, which caused little damage to the fabric 33 , was performed in water containing 2 mmol/dm 3 sodium hydroxide and 8 mmol/dm 3 SDS. However, the negative detergency of carbon black was obtained for cotton and viscose -7.3 and -19.3 , respectively . The cause of negative detergency is so complicated that we have a very great difficulty to explain. In the future, careful consideration on the basis of further experiments will be necessary.
CONCLUSIONS
The detergency obtained using artificially soiled MFF showed that the dissolution of soil into the washing liquid Containing 2 mmol/dm 3 Sodium Hydroxide and 8 mmol/dm 3 SDS and n-Decane Containing 0.5% Water and 0.8% Aerosol OT and the affi nity between the contaminant and the fi ber surface played important roles in soil removal. Furthermore, the enhancement of soil removal by the addition of alkali and/or surfactant in the aqueous detergent system and by the solubilization of water in the non-aqueous detergent system was confi rmed. The experimental results were not in contradiction with common and well-known knowledge about textile washing. Conclusively, the artificially soiled MFF can be utilized quite effectively and conveniently to estimate textile detergency.
